This study examined potential modifying effects of income and education on the relationship between chronic obstructive pulmonary disease (COPD) and depression. The analysis was based on 44 963 Canadians aged 35 years or more who participated in the Canadian National Population Health Survey in 1996-1997. Logistic regression analysis was used to examine the association between prevalence ofdepression and COPD according to sex, income adequacy or educational level. We used a bootstrap procedure to take sampling weights and design effects into account. People with COPD had twice the prevalence of depression compared to those without COPD. The association tended to be stronger in well-educated men [adjusted odds ratio (OR) = 3.02, 95% confidence interval (CI) = 1.04, 8.75] and women (OR = 2.60, 95% CI = 1.55, 4.38) than those less educated (men: OR = 1.19, 95% CI = 0.47, 3.05; women: OR = 1.93, 95% CI = 0.96, 3.87). An increased prevalence of depression associated with COPD was also found in women with higher household income (adjusted odds ratio = 4.57, 95% CI = 2. 27, 9.19) than those with lower income. However, this pattern was not found in men. In conclusion, COPD patients with higher education are more likely to be depressed. The modifying effect of income may vary by gender. Possible reasons for these findings are explored. Chronic Respiratory Disease 2005; 2: 13-19
Introduction
Chronic obstructive pulmonary disease (COPD) is a common and important disease among adults in Canada and worldwide. Approximately 3% of Canadians 35 years of age or more stated that they have had COPD diagnosed by a health professional.'
The actual prevalence may be higher,1 and it is estimated that COPD defined by spirometry affects approximately 5-15% of adults in developed countries. 23 It is a major cause of mortality and disability worldwide, and the global burden of the disease is expected to increase in the next two decades. 3 Owing to the long-lasting, progressive and irreversible airflow obstruction of the lung with increasing dyspnoea and other respiratory symptoms, patients with COPD experience a reduced quality of life. The costs of COPD are considerable, and arise from decrease and even loss of productivity, disability, increased care from families, the primary care system and the community.2 4 Direct costs of COPD derive mainly from secondary care, with hospitalizations accounting for half of the direct costs in Canada, the UK, and other developed countries. 5,6 Treatment strategies of COPD have been considerably improved in the past several decades. 7 Smoking cessation is always the first priority to slow the progression of COPD. Long-term oxygen therapy has been shown to increase survival and improve quality of life of COPD patients. Exercise tolerance of patients can be improved by pulmonary rehabilitation. The number and severity of exacerbations of COPD can be reduced by effective pharmacologic treatment. 7 However, none of these treatment options has been shown to stop disease progression, and the aim of current therapy is to decrease morbidity and to slow the decline of quality of life of COPD patients. 7 It would therefore not be surprising if patients with COPD were at increased risk for depressive disorders.4'8 However, some studies have found no significant association between COPD and depression.9
Possible reasons for the discrepant findings include small sample sizes, selected study populations (e.g., excluding older age groups, among whom COPD is more prevalent), potential confounding factors, and heterogeneity according to important individual characteristics such as sex, income, and education, which need to be further studied.
Low income and low education are important risk factors for COPD,'Io I while the link between income or education and depression remains inconclusive.12 '13 To clarify the interrelationships among income, education, depression and COPD would improve our understanding of the interrelationships between physical and affective disorders in COPD patients.
In the present study, we used data from the Canadian National Population Health Survey (NPHS) to examine the prevalence of self-reported depression related to COPD and other risk factors among Canadians 35 years of age or more. We focused on the potential modifying effects of income adequacy and educational level on the association between depression and COPD in men and women.
Methods
This analysis was based on cross-sectional data from the second cycle of the NPHS, conducted by Statistics Canada (Ottawa, Ontario) in 1996-1997. The design and execution of the survey have been detailed elsewhere.14"15 In brief, the target population included household residents in all 10 provinces, excluding people living on Indian Reserves, Canadian Forces Bases, and in institutions or collective dwellings. A representative sample of 78 751 households was drawn using a multi-stage stratified sampling design with an overall response rate of 83%. In each household, all members were asked to complete a short general questionnaire, and one person was randomly selected for an in-depth interview. The survey included questions related to the determinants of health, health status, and use of health services.'5 Our analysis was based on data from 44 963 subjects aged 35 years or more (20 553 men and 24 410 women), with the exclusion of 2103 subjects (4.1%) with missing data on COPD or depression. Chronic obstructive pulmonary disease was recorded as one of several 'long-term conditions' that had lasted or were expected to last 6 months or more and that had been diagnosed by a health professional. Respondents who answered the following question affinnatively were considered as having COPD: ' Subjects were classified into lowerand higherincome groups based on total household income adjusted for number of household members: lower income (< $30 000 for one or two people; < $40 000 for three or four people; < $60 000 for five or more people) and higher income (families above these thresholds). 18 People not responding to the question on household income were classified into an 'unknown' category. Subjects were grouped into two categories based on their educational attainment: secondary school or less and higher than secondary school. Current smokers were those who reported smoking cigarettes every day at the time of the survey. Former smokers were those who reported smoking cigarettes daily in the past but were not smoking at the time of the survey. Otherwise, subjects were classified as nonsmokers. A positive history of allergy was defined by an affirmative response to either ofthe questions: 'Do you have any food allergies diagnosed by a health professional?' or 'Do you have other allergies diagnosed by a health professional?'
Other variables included in the analysis were age (35-44, 45-54, 55-64, 65-69, 70-74, 75-79, 80+ years), size of household (1, 2, 3, or more people), number of bedrooms (less than 3, 3 or more), immigrant (yes, no), marital status (married or common law, single, separated or divorced or widowed), regular drinking (yes, no), and regular exercise (yes, no). Body mass index (BMI) was calculated from the equation: BMI = weight (kg)/height (m)2, with classifications of less than 20, 20-24.9, 25-29.9, and 30 or more.
We calculated the prevalence of depression according to COPD and other individual characteristics in men and women separately. Logistic regression models were used to evaluate the association between depression and COPD and stratified analyses were conducted according to sex, income adequacy or educational level. Model parameters were estimated by using the method of maximum likelihood and were tested for significance using the Wald statistic. The complex survey design effect19 was taken into consideration by using the Rao Results Table 1 presents the prevalence of depression and COPD according to various factors in men and women. The prevalence of COPD was 2.9% in men and 3.7% in women. The prevalence of depression in women (4.8%) was higher than that in men (2.8%). In both sexes, depression tended to be more common in younger age groups (less than 60 years) than in the older age groups, whereas the prevalence of COPD rose with age. Subjects from lower income families or with lower education were more likely to have COPD than those from higher income families or with more education. By contrast, the prevalence of depression rose with education, especially in men. People with self-reported COPD had an elevated prevalence of depression as compared with those without COPD. Adjusting for age and other risk factors but ignoring potential modifying effects of income and education, the association was statistically significant in women (adjusted odds ratio = 2.23, 95% CI = 1.44, 3 .44) but not in men (adjusted odds ratio = 1.93, 95% CI = 0.95, 3.92) although the trend was similar ( Table 2 ). Table 2 also shows the crude and adjusted odds ratio estimates for depression in relation to COPD stratified by sex, income adequacy, and educational level. Other covariates in the logistic regression models included age, immigrant status, size of household, number of bedrooms, history of allergy, body mass index, smoking status, alcohol drinking and regular exercise. When the potential modifying effects of income adequacy and educational level on the relationship between depression and COPD were examined, the association between depression and COPD was stronger in women with higher income adequacy (adjusted odds ratio = 4.57, 95% CI = 2. 27, 9.19 ) than in those with lower income (adjusted odds ratio = 1.65, 95% CI = 0.90, 3.03) ( Table 2 ). In men, the association between COPD and depression was not statistically significant in either the lower income group (adjusted odds ratio = 2.10, 95% CI = 0.79, 5.57) or the higher income group (adjusted odds ratio = 1.48, 95% CI = 0.39, 5.66). However, the point estimate of the odds ratio was slightly lower in the higher income group. When stratified by educational level, depression was only significantly related to COPD in welleducated men and women ( Table 2 ).
Discussion
Major depression is the fourth leading cause of reduction in disability-adjusted life years in the world. 23 Major chronic diseases including COPD have been found to be associated with depression.4'8 Compared to previous community-based studies, the 12-month prevalence of major depression was lower than that reported in a US study, but similar to that from Netherlands. The one-year prevalence of depression among people 15-54 years of age was 10.3% in the United States24 compared to 4.9% for the equivalent age group in the NPHS, and 5.8% in those 18 -64 years of age in the Netherlands,25 and 4.7% for those 20-64 years of age in the NPHS. Differences in population selection, measurement instruments, population characteristics, and socioeconomic environment could explain the discrepant results.
Chronic Respiratory Disease
In general, we found an increased prevalence of depression in persons with COPD. This held in both men and women. Disability, decline in quality of life, and the loss of valued social roles brought on by the irreversible deterioration of health status of COPD may contribute to onset or worsening of depression. Patients with COPD may experience low self-esteem, denial of impulsiveness, a sense ofpessimism, hopelessness, and worthlessness. 26 Lower education and income have been found to be independently associated with reduced forced expiratory volume in one second (FEVI) and forced vital capacity (FVC),27 and with increased morbidity and mortality of COPD. 10'28 The association between income and education and mental health is a more complicated issue. Some studies have shown a higher prevalence of depression in lower SES groups,12"13'29 while others have not.30-32 Although education and income are commonly used together to define SES, the correlation is not perfect, and the mechanisms and pathways linking each to depression could be different. Characteristics of the physical and social environments can interact, affecting mental health. 13 Self-esteem, level of control, social value, social support, expectation, physical condition, financial situation, and coping with stress may form immediate influences on mental health, and could vary according to socioeconomic status such as income and educational levels.13 '33 Our study suggests that education tends to modify the association between COPD and depression, such that the prevalence of depression in COPD patients is higher among well-educated men and women. High education is associated with more knowledge of health and health risks,34-36 so educated people could be more likely to appreciate the irreversible nature of COPD and the fact that there is no cure for it. Another possibility is that people with complex chronic conditions such as COPD and depression at lower educational levels may be less able to obtain adequate in-home health care, and therefore more likely to seek institutional admission. Therefore in our communitybased study the association between COPD and depression in less-educated people may be diluted. However, we do not believe that this effect is strong enough to influence our findings.
In the present analysis, the picture of household income is more complex, with a clear modifying effect on the relationship between depression and COPD observed in women, but not in men. Subjects from higher income families were more likely to be employed compared with those from lower income families, and this difference was more marked in women. Men are more likely to be only responsible for financial provision, while working women are not only involved with stresses and expectations from their work and social roles, but also spend more time on housework, and working mothers are more likely to also be involved in child care than working men.37'38 In this study, although there was a lack of significant incomespecific association between depression and COPD in men, there was a tendency towards a lower odds ratio in the higher income group (Table 2 ). This may suggest that high-income male COPD patients tended to be less depressed than those in the lower income group. A study limitation was that about 20% of subjects were missing data on household income, which hinders further analysis of the potential effect modification of income.
A further limitation of this study was that the diagnoses of COPD and depression were based on selfreport. Chronic obstructive pulmonary disease was defined as self-reported chronic bronchitis or emphysema diagnosed by health professionals. It might be under-reported if subjects were at an early stage of the disease, or over-reported if other lung diseases were misdiagnosed as COPD. Patients' understanding of the term chronic bronchitis may sometimes be confused with other diseases or symptoms such as acute bronchitis and chronic cough. A 15-year follow-up study from 13 108 persons enrolled in the Copenhagen City Heart Study confirmed that subjects with chronic cough at baseline had twice the risk of airflow obstruction as compared with those without cough.39 However, patients with chronic productive cough may not have airways obstruction. The positive predictive value of a self-report of physician-diagnosed COPD varies among population-based studies, ranging from 25 to 78%.39 Although spirometry is considered to be a 'gold standard' for the diagnosis ofCOPD, spirometry is not widely used in clinical practice, and variable spirometric criteria have been applied.39'40 However, there is no reason to believe that a systematic classification error exists for COPD associated with depression. A nondifferential misclassification is likely to lead to a conservative estimate for the association between COPD and depression. In addition, cigarette smoking is a leading cause ofCOPD1 and the prevalence of smoking in this study was higher in people with self-reported COPD compared with those without COPD (78.2% vs. 62.7% in men and 63.2% vs. 44.5% in women).
In this study, younger women had a notably higher prevalence of self-reported COPD (e.g., 2.8% for women 35-39 years of age) as compared with men ( Table 1) . It is not known if it results from a selfreporting or diagnostic bias, or reflects a true sex-related difference in susceptibility to the disease. Women in the United States were also found to have an increased risk of self-reported emphysema or chronic bronchitis. 39 Smoking prevalence has been increasing among women and there is evidence that women may be more susceptible than men to the detrimental effects of smoking on pulmonary function. 41 Although the NPHS asked about major depression experienced during the past 12 months, depressive symptoms recorded could be more influenced by respondents' feelings during the period closer to the interview. And again, such misclassification is usually nondifferential and the association would be likely underestimated. There may be a sex bias in selfreporting depression: women may be more likely to report symptoms of a given level of depression than 4243f men.
However, no conclusive results have been reached regarding such a report bias. 42 Another limitation is lack of information on disease severity. The risk of depression was higher amon patients with severe COPD compared with mild cases. However, in our study the relationship between depression and COPD was more pronounced in people with higher SES, and such an effect modification of SES is more likely to be underestimated rather than overestimated. Chronic obstructive pulmonary disease is expected to be less severe for people at a higher SES compared with those with a low SES standing. There could be differential reporting thresholds for depression among people with different educational levels. Welleducated people with mild COPD may report having depression, while less-educated people, even with severe COPD, may not report depressive disorders.
In summary, this study found that people with COPD had twice the prevalence of depression as those without COPD. The association tended to be stronger in both well-educated men and women than those less educated. The increased prevalence of depression associated with COPD was found to be stronger in women with higher household income as compared www.CRDjournal.com
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Mei Lin et al. 18 with those with lower income, but this pattern was not found in men. Depression prevention and control in COPD patients targeting these subpopulations have the potential to improve the efficiency of intervention.
